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Epidemiology of Cardiopulmonary 
Resuscitation in Critically Ill Children 
Admitted to Pediatric Intensive Care 
Units Across England: A Multicenter 
Retrospective Cohort Study
Khurram Mustafa , MBBS, MRCPCH, MSc, PGCert; Hannah Buckley, MSc, BSc; Richard Feltbower, PhD, MSc, BSc;  
Ramesh Kumar, MBBS, MD, MRCPCH; Barnaby R. Scholefield, MBBS, MSc, BSc, MRCPCH, PhD
BACKGROUND: Cardiopulmonary arrests are a major contributor to mortality and morbidity in pediatric intensive care units 
(PICUs). Understanding the epidemiology and risk factors for CPR may inform national quality improvement initiatives.
METHODS AND RESULTS: A retrospective cohort analysis using prospectively collected data from the Paediatric Intensive Care 
Audit Network database. The Paediatric Intensive Care Audit Network contains data on all PICU admissions in the United 
Kingdom. We identified children who received cardiopulmonary resuscitation (CPR) in 23 PICUs in England (2013– 2017). 
Incidence rates of CPR and associated factors were analyzed. Logistic regression was used to estimate the size and preci-
sion of associations. Cumulative incidence of CPR was 2.2% for 68 114 admissions over 5 years with an incidence rate of 4.9 
episodes/1000 bed days. Cardiovascular diagnosis (odds ratio [OR], 2.30; 95% CI, 2.02– 2.61), age <1 year (OR, 1.84; 95% CI, 
1.65– 2.04), the Paediatric Index of Mortality 2 score on admission (OR, 1.045; 95% CI, 1.042– 1.047) and longer length of stay 
(OR, 1.013; 95% CI, 1.012– 1.014) were associated with increased odds of receiving CPR. We also found a higher risk of CPR 
associated with a history of preadmission cardiac arrest (OR, 20.69; [95% CI, 18.16– 23.58) and for children with a cardiac 
condition admitted to a noncardiac PICU (OR, 2.75; 95% CI, 1.91– 3.98). Children from Black (OR, 1.68; 95% CI, 1.36– 2.07) 
and Asian (OR, 1.49; 95% CI, 1.28– 1.74) racial/ethnic backgrounds were at higher risk of receiving CPR in PICU than White 
children.
CONCLUSIONS: Data from this first multicenter study from England provides a foundation for further research and evidence for 
benchmarking and quality improvement for prevention of cardiac arrests in PICU.
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Cardiopulmonary arrests are a major contributor to mortality and morbidity in pediatric intensive care units (PICUs) with a reported incidence between 
1% and 5.5%.1– 4 Although survival after cardiopulmo-
nary resuscitation (CPR) in PICU has improved over the 
past 2 decades from 14% to about 45% in more recent 
studies, mortality attributable to cardiac arrests in the 
PICU remains a significant burden and much higher 
than average mortality of 2% to 3%.2,5– 13
Current evidence suggests that children with car-
diac conditions are at higher risk of receiving CPR 
in the PICU, and a wide range of risk factors have 
been implicated with risk of cardiac arrest and sur-
vival after CPR such as unit volume, patient- to- nurse 
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assignment ratios, high unit occupancy, absence 
of an in- house senior intensivist, surgical versus 
nonsurgical patients, availability of mechanical car-
diopulmonary support, timing of cardiac arrest, 
inotropic support, lactate level, and mechanical 
ventilation.3,4,14– 21
The United Kingdom has a unique healthcare system 
in the form of the National Health Service (NHS), with 
shared financial resources, capacity challenges, rising 
demand, and uniformity in service standards for clinical 
care across the country. PICUs are usually located in 
tertiary centers or specialist hospitals and admit pa-
tients who require ventilatory support or support of ≥2 
organ systems. Some PICUs act as lead centers with 
a fuller range of pediatric intensive care services such 
as cardiac surgery and extracorporeal membrane ox-
ygenation (ECMO).22 All PICUs in the United Kingdom 
are integrated with referring hospitals via established 
critical care networks and transport teams.
None of the multicenter studies reporting epidemi-
ology of cardiac arrests and outcomes after CPR in the 
PICU have been conducted in the United Kingdom. 
Since April 2008, all NHS PICUs within England, 
Wales, and Scotland have been collecting data on 
consecutive admissions to their units to participate in 
the Paediatric Intensive Care Audit Network (PICANet). 
PICANet is commissioned by the Healthcare Quality 
Improvement Partnership as part of the National 
Clinical Audit Programme. The core data set of de-
mographic and clinical data on all admissions allows 
comparison of PICU activity at a local level with na-
tional benchmarks. As per PICANet annual report, 
PICUs across the United Kingdom and Republic of 
Ireland have approximately 20  000 admissions per 
year with an associated mortality of 3.5% to 4.0%.23
We aimed to identify incidence, factors associ-
ated with variability of incidence, to understand ep-
idemiology of cardiac arrest in PICUs in England as 
a basis for future research and quality improvement 
initiatives.
METHODS
Design and Study Participation
We conducted a retrospective cohort study including 
all admissions to PICUs in England between January 
1, 2013, and December 31, 2017. Only PICUs that pro-
vided data for the whole duration of this study were 
included. Informed consent from individual patients 
was not required as data were collected from PICANet 
which is the national repository for all admissions to 
PICUs.
Data Collection
PICANet prospectively collects data on demograph-
ics, diagnoses, severity of illness (Paediatric Index of 
Mortality 2 [PIM2]), daily interventions including any ep-
isode of CPR, and outcomes for patients admitted to 
PICUs in the United Kingdom and Republic of Ireland. 
PICANet data are continuously quality controlled via 
automatic database validation at the point of submis-
sion and additionally through on- site data validation 
visits by the PICANet team.
Data quality was reviewed in relation to the follow-
ing variables: age, sex, race/ethnicity, primary diag-
nosis, prematurity, PIM2 score,24 length of stay in the 
CLINICAL PERSPECTIVE
What Is New?
• This is the first multicenter study from England 
reporting data on >1500 children having a car-
diac arrest after admission to 23 pediatric inten-
sive care units (PICUs) over a 5- year period.
• We found that, overall, only 2 in every 100 ad-
missions to a PICU went on to require cardio-
pulmonary resuscitation, accounting for about 
400 episodes of cardiopulmonary resuscitation 
every year.
• In addition to risk factors reported in the existing 
literature, such as younger age and underlying 
cardiac condition, we found a higher risk of CPR 
in patients from Black and Asian racial/ethnic 
backgrounds, those presenting with a history 
of cardiac arrests before admission to a PICU, 
children with cardiac conditions admitted to 
noncardiac surgical PICUs, and center volume.
What Are the Clinical Implications?
• An association between mortality after dis-
charge from a PICU and race/ethnicity has been 
previously reported in the United Kingdom, and 
our findings will support further research to ex-
plore higher risks related to race/ethnicity.
• The results from this study can be used as evi-
dence for benchmarking and designing large- 
scale quality improvement initiatives for early 
escalation of clinical care and prevention of car-
diac arrests in the PICU.
• Our findings will also provide a foundation for 
further collaborative multicenter and multina-
tional research.
Nonstandard Abbreviations and Acronyms
NHS national health service
PICANet paediatric intensive care audit network
PICU pediatric intensive care unit
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PICU, duration of PICU stay since admission when 
CPR was received, number of days CPR was re-
ceived, health status at discharge from PICU (dead/
alive) and 30 days after discharge from PICU. Data 
were assessed for completeness, and proportion of 
any missing data was reported alongside all sum-
mary statistics. We planned to exclude variables with 
more than 5% missing data from analyses; however, 
because of good quality of data, a complete case 
analysis was appropriate.
Definitions of Variables
CPR was defined as any duration of chest compres-
sions to maintain circulatory flow during cardiac ar-
rest.25 Index case of CPR was defined as the first 
episode of CPR during an admission in the PICU. The 
term CPR admission is used for any PICU admission 
during which at least 1 episode of CPR was received. 
Time to CPR was calculated as days since admission 
in the PICU, and length of stay was calculated as 
days between date of admission and discharge in-
clusive. Any stay of <24 hours was counted as 1 day 
of admission. Data were also collected on whether a 
child was discharged for palliative care, defined as 
withdrawal of intensive care at the current level from 
which it was deemed that the child could no longer 
benefit.26
Primary diagnoses were defined as the main diagno-
sis made throughout the stay in the PICU. For example, 
a child admitted with cyanotic spells was assigned a pri-
mary diagnosis of tetralogy of Fallot even if this was di-
agnosed after the child had been admitted to the PICU. 
Diagnoses were classified on the basis of the NHS Coding 
system (Clinical Terms Version 3) and further categorized 
into systems: cardiovascular, respiratory, infection, endo-
crinology, oncology, hematology, neurology, multisystem, 
and “other.” Center volume was based on number of bed 
days delivered by a PICU in a given calendar year.
Figure 1. Total number of admissions before and after exclusions.
Five PICU excluded as data for CPR was not consistently submitted for the full duration of study. CPR 
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Table 1. Descriptive Characteristics of All Patients Admitted to the PICU Between 2013 and 2017
Characteristics Had CPR in PICU No CPR in PICU All PICU admissions
1528 (2.2) 66 586 (97.8) N=68 114
Age, y, n (%)
<1 908 (59.4) 27 942 (42.0) 28 850 (42.4)
1– 4 322 (21.1) 17 815 (26.8) 18 137 (26.6)
5– 10 160 (10.5) 10 064 (15.1) 10 224 (15.0)
11– 15 117 (7.7) 9027 (13.5) 9135 (13.4)
>16 21 (1.4) 1741 (2.6) 1762 (2.6)
Missing 0 (0.0) 6 (<0.1) 6 (<0.1)
Sex, n (%)
Male 888 (58.1) 37 812 (56.8) 38 700 (56.8)
Female 640 (41.9) 28 766 (43.2) 29 406 (43.2)
Ambiguous* 0 (0.0) 8 (<0.1) 8 (<0.1)
Race/Ethnicity, n (%)
White 838 (54.8) 37 996 (57.1) 38 834 (57.0)
Mixed 49 (3.2) 2008 (3.0) 2057 (3.0)
Asian 233 (15.3) 7601 (11.4) 7834 (11.5)
Black 111 (7.3) 3191 (4.8) 3302 (4.9)
Other†/Unknown 297 (19.4) 15 790 (23.7) 16 087 (23.6)
Primary diagnosis group, n (%)
Hematology 16 (1.1) 696 (1.2) 712 (1.1)
Cardiovascular 741 (48.5) 18 239 (27.4) 18 981 (27.9)
Metabolic/Endocrine 57 (3.7) 1883 (2.8) 1940 (2.9)
Infection 115 (7.5) 3515 (5.3) 3630 (5.3)
Multisystem 5 (0.3) 208 (0.3) 213 (0.3)
Neurology 81 (5.3) 7319 (11.0) 7499 (10.9)
Oncology 20 (1.3) 2574 (3.9) 2594 (3.8)
Respiratory 362 (23.7) 19 253 (28.9) 19 616 (28.8)
Other‡ 131 (8.6) 12 899 (19.4) 13 028 (19.1)
Missing 0 (0.0) 0 (0.0) 0 (0.0)
PIM2 predicted probability of death
n (%) 1528 (100.0) 66 586 (100.0) 68 114 (100.0)
Mean, % 15.2 (±22.9) 3.4 (±7.6) 3.7 (±8.4)
Median, % (range) 5.7 (0.2– 99.8) 1.3 (0.1– 99.6) 1.3 (0.1– 99.8)
Pre- PICU CPR, n (%)
Yes 411 (26.9) 1138 (1.7%) 1549 (2.3%)
No 1097 (71.8) 63 199 (94.9%) 64 296 (94.4%)
Missing 20 (1.3) 2249 (3.4) 2269 (3.3)
Number of days CPR received
n (%) 1528 (100.0) 1528 (2.2)
Mean 1.31 (±1.023) N/A no CPR 1.31 (±1.023)
Median (range) 1 (1– 14) received 1 (1– 14)
Day of admission on first episode of CPR, n (%)
First day 743 (48.6) 743 (48.6)
Second day 224 (14.7) N/A– no CPR 224 (14.7)
Third day or later 561 (36.7) received 561 (36.7)
Missing 0 (0.0) 0 (0.0)
Length of stay (d)
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PICU was defined as a clinical facility providing 
at least level 3 critical care to children according to 
Paediatric Intensive Care Society standards.27 Level 3 
care can be broadly defined as patients requiring ad-
vanced respiratory support alone or monitoring and 
support for ≥2 organ systems. PICUs were divided into 
cardiac and noncardiac on the basis of availability of 
cardiac surgical services in the same hospital, which 
meant that these PICUs routinely admitted children 
after cardiac surgical interventions.
Primary Outcomes
Primary outcomes were incidence of cardiac arrest and 
survival to discharge from the PICU (dead versus alive).
Data Analysis
Univariable multilevel logistic regression (with a random 
effect for PICU to account for any potential clustering) 
was used to estimate the level of association and preci-
sion for variables such as age, sex, status at discharge, 
pre- PICU CPR, cardiac versus noncardiac unit admis-
sions with (1) receiving in- PICU CPR at least once and 
(2) in- PICU mortality following CPR. Pearson’s correla-
tion was used to study any association with incidence 
of CPR and center volume. Descriptive methods were 
used to study potential seasonal and daily variation in 
terms of CPR events.
Ethics and Data Handling
PICANet has Research Ethics Committee approval 
as a research database and is commissioned in 
England by the Healthcare Quality Improvement 
Partnership as part of the National Clinical Audit and 
Patient Outcomes Programme, which granted ap-
proval for the data to be shared. Deidentified data 
were hosted in the University of Leeds’s Secure 
Electronic Environment for Data system, whose data 
security arrangements are approved as part of NHS 
Digital’s Data Security and Protection Toolkit. STATA 
version 1528 was used for reviewing and analysing 
deidentified data. Access to the data used in this ar-
ticle may be granted following approval of a formal 
data request by the data controller (the Healthcare 
Quality Improvement Partnership) as detailed at 
www.pican et.org.uk.
RESULTS
There were 83  009 admissions (16  601/year) to 28 
PICUs (Table S1) across England between January 
2013 and December 2017. Data from 5 PICUs were ex-
cluded as they did not provide complete data for CPR 
Characteristics Had CPR in PICU No CPR in PICU All PICU admissions
Mean 20.12 (±36.37) 6.39 (±15.81) 6.69 (±16.68)
Median (range) 9 (1– 471) 3 (1– 912) 3 (1– 912)
CPR indicates cardiopulmonary resuscitation; PICU, pediatric intensive care unit; N/A, not applicable; and PIM2, Paediatric Index of Mortality 2.
*Ambiguous refers to a child where either male or female sex cannot be assigned based on phenotype.
†Other refers to races/ethnicities not covered.
‡Body wall and cavities, gastrointestinal, musculoskeletal, trauma, unknown.
Table 1. Continued
Table 2. Univariable Logistic Regression Results for 
Receiving CPR in the PICU
Association With Receiving CPR in 
the PICU
OR 95% CI P value
Age, y
<1 Reference group
1– 4 0.61 0.53 0.69 <0.01
5– 10 0.53 0.45 0.63
11– 15 0.45 0.37 0.55
16+ 0.42 0.27 0.65
PIM2 probability of death 1.045 1.042 1.047 <0.01
Race/Ethnicity
White Reference group
Mixed 1.12 0.83 1.50 <0.01
Asian 1.49 1.28 1.74
Black 1.68 1.36 2.07
Other*/Unknown 1.11 0.94 1.30
Sex
Female Reference group
Male 1.07 0.96 1.18 0.21
Length of stay, d 1.013 1.012 1.014 <0.01
CPR preadmission 20.69 18.16 23.58 <0.01
Primary diagnosis group
Cardiovascular Reference group
Hematology 0.59 0.36 0.99 <0.01
Metabolic/Endocrine 0.80 0.60 1.06
Infection 0.83 0.67 1.03
Multisystem 0.73 0.30 1.80
Neurology 0.29 0.23 0.37
Oncology 0.22 0.14 0.35
Respiratory 0.49 0.42 0.57
Other† 0.28 0.23 0.34
CPR indicates cardiopulmonary resuscitation; OR, odds ratio; PICU, 
pediatric intensive care unit; and PIM2, Paediatric Index of Mortality 2.
*Other refers to races/ethnicities not covered.
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events for the whole duration of this study (Figure 1). 
The 2 analysis sets were similar in population demo-
graphics including PIM2 scores, age, and race/ethnicity 
before and after exclusion except the excluded group 
had a slightly higher proportion of children admitted 
with cardiac conditions (Table S2). Of all included ad-
missions, 2.24% (1528/68 114) received CPR in PICU. 
An additional 474 CPR events occurred after the index 
episode among 17% (269/1528) of these patients, 
accounting for a total of 2002 episodes of CPR re-
ported over 5 years, equivalent to 4.9 episodes/1000 
bed days. Table  1 describes the demographics and 
characteristics of children who received CPR in the 
PICU. When compared with the cohort of children who 
did not receive CPR, there was a higher proportion of 
Asian (15.3% versus 11.4%) and Black children (7.3% 
versus 4.8%) who received CPR in the PICU (however, 
race/ethnicity data were missing for over one- fifth of 
Figure 2. Monthly variation in PICU admissions and number of CPR events.
PICU indicates pediatric intensive care unit; and CPR, cardiopulmonary resuscitation.
Figure 3. Number of CPR admissions against number of bed days, by PICU.
Each dot represents the number of CPR admissions for each unit plotted against number of bed days in the 
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admissions in each cohort) and a higher proportion 
of children aged <1 year (59.4% versus 42.0%). The 
proportion of male patients was similar in each cohort; 
however, median PIM2 predicted probability of death 
(5.7% versus 1.3%), and the proportion of children re-
ceiving CPR pre- PICU (26.9% versus 1.7%) was higher 
for CPR admissions.
Risks for Receiving CPR
Univariable logistic regression analyses examining as-
sociation between receiving CPR in PICU and various 
factors are presented in Table  2. Higher PIM2 pre-
dicted probability of death on admission (odds ratio 
[OR], 1.045; 95% CI, 1.042– 1.047) and a longer length 
of stay in the PICU (OR, 1.013; 95% CI, 1.012– 1.014) 
were associated with increased odds of receiving 
CPR. Children admitted with cardiac conditions were 
at significantly higher risk of receiving CPR in the PICU 
(OR, 2.30; 95% CI, 2.02– 2.61) compared with those 
admitted with noncardiac primary diagnosis. The risk 
of receiving CPR was significantly associated with age, 
history of preadmission CPR, and race/ethnicity, being 
highest among children from the Black race/ethnic 
group (OR, 1.68; 95% CI, 1.36– 2.07) followed by the 
Asian race/ethnic group (OR, 1.49; 95% CI, 1.28– 1.74) 
when compared with White children. Race/ethnicity 
was not recorded for 17% of individuals.
PICU mortality (3.3%– 3.7%) and incidence of CPR 
(2.0%– 2.5%) remained consistent over the study pe-
riod of 5 years. We did not observe any seasonal vari-
ation in proportion of admissions with cardiac arrest 
per month: The highest number of admissions was ob-
served in December, and there was a higher incidence 
of CPR in April (Figure  2). Overall, the highest num-
ber of cardiac arrests occurred on Thursday (16.9%; 
339/2002) followed by Saturday (16.3%; 326/2002) 
and Friday (14.1%; 302/2002).
There was a wide variation in incidence of CPR 
between PICUs (0.5%– 6.5%) and a high positive 
Pearson’s correlation (ρ=0.70) between total bed days 
and number of admissions for which CPR was re-
ceived on the basis of individual data for each PICU 
for each year (Figure 3). This would suggest that PICUs 
that provided a higher number of bed days (ie, larger 
units) had a higher proportion of admissions who re-
ceived CPR.29
Timing of CPR
Of all patients who received CPR in the PICU, 82.4% 
(1259/1528) received CPR on only 1 day, while 17.6% 
(269/1528) of patients received CPR on >1 day. Of 
the 474 subsequent multiple CPR events, 64.1% oc-
curred 1 day after the previous episode. The median 
number of days between CPR events was 1 (range, 
1– 134).
Of those with a cardiovascular primary diagnosis 
who received CPR in the PICU, over half (53.0 %) re-
ceived CPR on their first day (393/741). These included 
pre- and postsurgical admissions with congenital car-
diac anomalies as well as those with medical cardiac 
diagnoses such as prehospital cardiac arrest, cardiomy-
opathies, and arrhythmias. Among those who received 
CPR in the PICU, 26.9% (411/1528) also had a history of 
cardiac arrest before admission to the PICU in compar-
ison with only 1.7% (1138/68114) of all PICU admissions. 
Of these patients, 86.6% (356/411) received CPR during 
the first 24 hours of their admission to the PICU, which 
was much higher than for those admissions with no his-
tory of pre- PICU CPR (34.1%; 374/1097).
Table 3. Outcomes for All Patients Admitted to the PICU Between 2013 and 2017, n (%)
Characteristics Had CPR in PICU No CPR in PICU All PICU Admissions
Status at discharge, n (%)
Alive 946 (61.9) 64 798 (97.3) 65 744 (96.5)
Dead 582 (38.1) 1788 (2.7) 2370 (3.5)
Missing 0 (0.0) 0 (0.0) 0 (0.0)
Discharge from PICU for palliative care, n (%)
Yes 17 (1.8) 430 (0.7) 447 (0.7)
No 994 (98.0) 64 060 (98.9) 64 987 (98.9)
Unknown 2 (0.2) 308 (0.5) 310 (0.5)
Status at 30 days’ follow- up for those discharged alive from PICU, n (%)
Alive 589 (62.3) 38 700 (59.7) 39 289 (59.8)
Dead 35 (3.7) 601 (0.9) 636 (1.0)
Unknown* 305 (32.2) 22 206 (34.3) 22 511 (34.2)
Missing* 17 (1.8) 3291 (5.1) 3308 (5.0)
CPR indicates cardiopulmonary resuscitation; OR, odds ratio; and PICU, pediatric intensive care unit.




 http://ahajournals.org by on M
ay 11, 2021
J Am Heart Assoc. 2021;10:e018177. DOI: 10.1161/JAHA.120.018177 8
Mustafa et al Epidemiology CPR in PICUs across England
Mortality Associated With CPR
Only 61.9% (946/1528) of patients who received CPR 
survived to discharge from the PICU compared with 
97.3% (64 798/66 586) of those who did not receive 
CPR in the PICU (Table  3). Of those who received 
CPR on 1 day, 63.4% (798/1259) survived to dis-
charge, whereas survival for those who received 
CPR on ≥2 days was only 55% (148/269). In patients 
who received CPR, the survival to PICU discharge 
was highest among patients admitted with respira-
tory conditions (78.2%) and lowest for those admitted 
because of endocrine/metabolic and infectious con-
ditions (68.4% and 53.9%, respectively). At 30 days 
after discharge, 3.7% (35/946) of those who received 
CPR and survived the PICU had died compared with 
0.9% (601/64 798) in the non- CPR group; however, 
30- day status was unknown or missing for >30% of 
patients in both groups.
Table  4 presents univariable regression analysis for 
associations between various factors and in- PICU mor-
tality for those who had CPR. CPR was associated with 
an increased odds of mortality for patients with a car-
diac diagnosis compared with those with a primary re-
spiratory diagnosis (OR, 2.54; 95% CI, 1.86– 3.46) and 
for patients with cardiac conditions in noncardiac PICUs 
compared with patients with cardiac conditions in car-
diac PICUs (OR, 2.40; 95% CI, 1.48– 3.88).
Differences Between and Cardiac and 
Noncardiac PICUs
Of the 23 PICUs included in this analysis, only 9 had 
local availability of cardiac surgical services including 
ECMO (Table 5); on average, these had more admis-
sions than noncardiac PICUs (admissions in cardiac 
units: mean, 3782 [SD, 1846.3], noncardiac units: 
mean, 2434 [SD, 1024.5]). There was nearly double 
the incidence of CPR events reported in cardiac PICUs 
(2.9%; 996/34 039) compared with noncardiac PICUs 
(1.6%; 532/34 075). Of those who received CPR in a 
cardiac PICU, 63.5% (632/996) had a cardiovascular 
primary diagnosis, and 16.0% (159/996) were admit-
ted because of respiratory conditions. Of those who 
received CPR in a noncardiac PICU, the highest pro-
portion of patients (38.2%; 203/532) had a respira-
tory diagnosis, and 20.5% (109/532) were admitted 
because of cardiac conditions. We also found a 2.8- 
fold higher risk of CPR for cardiac patients if they were 
admitted to noncardiac PICUs (OR, 2.75; 95% CI, 
1.91– 3.98). A higher proportion of those who received 
CPR in cardiac PICUs were alive at discharge from the 
PICU (64.0% compared with noncardiac PICU, 58.1%) 
(Table 6).
DISCUSSION
To our knowledge, this is the first multicenter report 
of incidence of CPR in PICUs in England. In our study 
population, 2.2% of patients received at least 1 epi-
sode of CPR in PICU, with an overall incidence rate 
of 4.9 episodes/1000 bed days. This was associated 
with a significantly higher PIM2 score on admission 
and increased length of stay and mortality before 
discharge from the PICU. The incidence of CPR and 
survival at discharge from the PICU was similar to 
multicenter studies in other countries.1,7,15,30 In keep-
ing with existing evidence, we also found that the 
majority of children who received CPR were <1 year 
old and that a higher number of cardiac arrests hap-
pened within 24 hours of admission to the PICU.1,31 
Children with cardiac conditions and a history of 
Table 4. Univariable Logistic Regression Results
Association with mortality for those 
who received CPR in PICU
OR 95% CI P Value
Age, y
<1 Reference group
1– 4 1.38 1.06 1.80 <0.01
5– 10 2.02 1.43 2.85
11– 15 1.72 1.16 2.56
16+ 5.02 1.91 13.24
PIM2 probability of death 1.09 1.08 1.10 <0.01
Race/Ethnicity
White Reference group
Mixed 0.85 0.45 1.60 <0.01
Asian 1.12 0.82 1.54
Black 1.22 0.80 1.85
Other*/Unknown 1.84 1.36 2.50
Sex
Female Reference group
Male 0.84 0.68 1.03 0.10
Length of stay, d 0.98 0.98 0.99 <0.01
CPR preadmission 1.49 1.17 1.89 <0.01
Primary diagnosis group
Cardiovascular Reference group
Haematology 1.17 0.43 3.22 <0.01
Metabolic/Endocrine 2.92 1.61 5.31
Infection 1.66 1.10 2.50
Multisystem Excluded because of small numbers
Neurology 1.28 0.79 2.06 <0.01
Oncology 1.35 0.54 3.37
Respiratory 0.39 0.29 0.54
Other† 1.00 0.67 1.49
CPR indicates cardiopulmonary resuscitation; OR, odds ratio; PICU, 
pediatric intensive care unit; and PIM2, Paediatric Index of Mortality 2.
*Other refers to races/ethnicities not covered.
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pre- PICU cardiac arrest were more likely to receive 
CPR on the day of admission. Out- of- hospital car-
diac arrest has been associated with high mortality 
in children in the United Kingdom,32 but to our knowl-
edge, no previous multicenter study has reported 
data for recurrence of cardiac arrests in the PICU for 
this population. We also found that children who re-
ceived CPR on the day of admission or on >1 day 
were at a higher risk of mortality before discharge 
from the PICU.
A significantly greater risk for receiving CPR in the 
PICU was noted for children from Black and Asian 
racial/ethnic backgrounds compared with White chil-
dren. This association did not persist for mortality 
Table 5. Admissions in Cardiac (N=9) and Noncardiac 
Units (N=14)
Characteristics Cardiac Units N=9
Noncardiac 
Units N=14
Total admissions n=34 039 n=34 075
Age, y, n (%)
<1 17 255 (50.7) 11 595 (34.0)
1– 4 7954 (23.4) 10 183 (29.9)
5– 10 4511 (13.3) 5713 (16.78)
11– 15 3668 (10.8) 5467 (16.0)
>16 649 (1.9) 1113 (3.3)
Missing 2 (<0.1) 4 (<0.1)
Sex, n (%)
Male 19 225 (56.5) 19 475 (57.2)
Female 14 812 (43.5) 14 594 (42.8)
Ambiguous* 2 (<0.1) 6 (<0.1)
Race/Ethnicity, n (%)
White 21 254 (62.4) 17 580 (51.6)
Mixed 1302 (3.8) 755 (2.2)
Asian 4748 (14.0) 3086 (9.1)
Black 1778 (5.2) 1524 (4.5)
Other/Unknown 4957 (14.6) 11 130 (32.7)
Primary diagnosis group
Haematology 233 (0.7%) 479 (1.4%)
Cardiovascular 17 761 (52.2%) 1220 (3.6%)
Metabolic/Endocrine 557 (1.6%) 1383 (4.1%)
Infection 1328 (3.9%) 2302 (6.8%)
Multisystem 89 (0.3%) 124 (0.4%)
Neurology 2280 (6.7) 5120 (15.0)
Oncology 965 (2.8) 1629 (4.8)
Respiratory 6411 (18.8) 13 205 (38.8)
Other† 4416 (13.0) 8613 (25.3)
Missing 0 (0.0) 0 (0.0)
PIM2 predicted probability of death
n (%) 34 039 (100.0) 34 075 (100.0)
Mean, % 4.1% (±8.9) 3.3% (±7.9)
Median, % (range) 1.4% (0.1– 99.8) 1.2% (0.1– 99.6)
CPR pre- PICU admission, n (%)
Yes 867 (2.6) 682 (2.0)
No 33 091 (97.2) 31 205 (91.6)
Missing 81 (0.2) 2188 (6.4)
Received CPR in PICU, n (%)
Yes 996 (2.9) 532 (1.6)
No 33 043 (97.1) 33 543 (98.4)
Missing 0 (0.0) 0 (0.0)
Number of days CPR received
n (%) 996 (100.0) 532 (100.0)
Mean 1.32 (±1.053) 1.28 (±0.963)
Median (range) 1 (1– 14) 1 (1– 12)
Day of admission on first episode of CPR, n (%)
First day 492 (49.4) 251 (47.2)
 (Continued)
Characteristics Cardiac Units N=9
Noncardiac 
Units N=14
Second day 142 (14.3) 82 (15.4)
Third day or later 362 (37.4) 199 (37.4)
Missing 0 (0.0) 0 (0.0)
Length of stay (days)
n 34 039 (100.0) 34 075 (100.0)
Mean 6.96 (±15.69) 6.43 (±17.60)
Median (range) 3 (1– 747) 3 (1– 912)
CPR indicates cardiopulmonary resuscitation; PICU, pediatric intensive 
care unit; and PIM2, Paediatric Index of Mortality 2.
*Ambiguous refers to a child where either male or female sex cannot be 
assigned based on phenotype.
†Body wall and cavities, gastrointestinal, musculoskeletal, trauma, 
unknown.
Table 5. Continued








Alive 32 761 (96.3) 32 983 (96.8)
Dead 1278 (3.8) 1092 (3.2)
Missing 0 (0.0) 0 (0.0)
Status at discharge for those who had CPR
Alive 637 (64.0) 309 (58.1)
Dead 359 (36.0) 223 (41.9)
Missing 0 (0.0) 0 (0.0)
Discharge for palliative care (If alive at discharge)
Yes 178 (0.5) 269 (0.8)
No 32 562 (99.9) 32 425 (98.3)
Unknown 21 (0.1) 289 (0.9)
Status at 30 days follow up
Alive 22 053 (67.3) 17 236 (52.3)
Dead 373 (1.1) 263 (0.8)
Unknown 8633 (26.4) 13 878 (42.1)
Missing 1702 (5.2) 1606 (4.9)
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before discharge from the PICU. One of the reasons 
could be that this was a subgroup analysis, and the 
study was not designed to detect such association. 
However, data from PICANet have also suggested 
higher mortality for Asian girls within 30 days of dis-
charge from the PICU.23 A possible association with 
social deprivation and inequity in access to specialized 
services for racial/ethnic minorities should be explored 
in future research.33 Another possible explanation is a 
potential racial/ethnic difference in decisions for limita-
tion of treatment as noted by Burns et al,8 who found 
that children of White background were more likely to 
have a Do Not Attempt CPR agreement in place.
Overall incidence of CPR was higher in cardiac 
PICUs (2.9% compared with 1.6%), which can be ex-
plained by a generally higher incidence of CPR among 
children with cardiac diseases, as noted in our study 
population and has also been described in the existing 
literature.1,5,31,34
Interestingly, children with cardiac conditions had 
a significantly higher incidence of CPR and mortal-
ity before discharge from the PICU if admitted to a 
noncardiac PICU. Mortality attributable to cardiac 
arrest can be affected by level of skills and expe-
rience of clinical staff16,35 and initiation of ECMO- 
CPR,5,36,37which was only available at cardiac PICUs. 
Also, specialized PICUs may have better quality 
control or feedback systems, leading to improved 
outcomes of CPR.38 There is a need to consider a 
possible impact of such factors and the role of train-
ing and prevention interventions in both cardiac and 
noncardiac PICUs and establishing ECMO- CPR ca-
pabilities outside the centers providing cardiac surgi-
cal services across the NHS.
Of 109 children with a primary cardiac diagnosis 
who received CPR in a noncardiac PICU, just over 70% 
(n=79) had a history of pre- PICU cardiac arrest. Lipe et 
al39 found that adult patients with a history of an out- of- 
hospital cardiac arrest had better outcomes if admit-
ted in cardiac resuscitation centers. We are unable to 
make similar assumptions based on our data, as the 
differences in case mix between cardiac admissions to 
cardiac and noncardiac PICUs will need to be further 
explored, and further research is needed to study a pos-
sibility of such associations in the pediatric population.
The main strengths of this study are its use of mul-
ticenter data from a large geographic distribution of an 
racially/ethnically diverse population with variation in 
access to specialized services40 and high case ascer-
tainment levels.23
We were unable to ascertain if the patient re-
ceived CPR more than once in a 24- hour period 
because of data collection limitations nor to ascer-
tain if a patient had a Do Not Attempt CPR in place. 
Although this would not change the overall inci-
dence of patients receiving CPR in PICU, we believe 
that the prevalence of cardiac arrest could be much 
higher and a larger proportion of children may have 
received >1 episode of CPR during the 24- hour data 
collection period.
Some PICUs were excluded from analysis because 
they did not collect data for the whole study period, 
although demographic characteristics of the analy-
sis population did not differ greatly following the ex-
clusions. Other limitations of this study were that we 
were unable to study specific details such as categori-
zation of patients with cardiac conditions into surgical 
and nonsurgical cases, duration of CPR and relation 
to timing of cardiac surgery, provision of ECMO- CPR, 
and long- term outcomes including neurological status 
for those who survived to discharge from the hospital. 
We carried out univariable analyses and were unable 
to adjust for confounders (Tables  2 and 4), which is 
likely to introduce bias. These should be areas for fur-
ther research and prospective multicenter studies to 
evaluate risks, interventions, and outcomes for car-
diac arrests in the PICU. We also recommend using 
causal inference methods and directed acyclic graphs 
to identify the minimum set of confounders to include 
in regression models to examine the causal relation-
ship between center volume, incidence of CPR, and 
in- PICU mortality.
CONCLUSIONS
In this first multicenter study from England that in-
cluded data from 23 hospitals, we found a cumulative 
incidence for CPR of 2.2% among children who were 
admitted to a PICU.
Cardiac conditions, younger age, and a higher PIM2 
score on admission were associated with a higher in-
cidence of CPR, and these children had a significantly 
prolonged hospital stay and higher mortality in the 
PICU. We also found a higher risk of CPR associated 
with race/ethnicity, cardiac versus noncardiac PICUs, 
and center volume.
This study provides not only the foundations for 
further multicenter and multinational research but also 
evidence for the need for benchmarking and design-
ing large- scale quality improvement initiatives for early 
escalation of clinical care and prevention of cardiac ar-
rests in the PICU.
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Table S1. List of PICUs in England. 
1. Addenbrooke's Hospital, Cambridge
2. Alder Hey Children’s Hospital, Liverpool
3. Birmingham Children’s Hospital
4. Brighton & Sussex University Hospitals NHS Trust
5. Bristol Royal Hospital for Children
6. Evelina London Children’s Hospital
7. Freeman Hospital, Newcastle upon Tyne
8. Glenfield Hospital, Leicester
9. Great North Children’s Hospital, Newcastle upon Tyne
10. Great Ormond Street Hospital, London (PICU/NICU)
11. Great Ormond Street Hospital, London (CICU)
12. Harley Street Clinic, London
13. Hull & East Yorkshire Hospitals NHS Trust
14. James Cook University Hospital, Middlesbrough
15. John Radcliffe Hospital, Oxford
16. King’s College Hospital, London
17. Leeds General Infirmary
18. Leicester Royal Infirmary
19. Queen’s Medical Centre, Nottingham
20. Royal Brompton Hospital, London
21. Royal Manchester Children’s Hospital
22. Royal Stoke University Hospital
23. Sheffield Children’s Hospital
24. Southampton Children’s Hospital
25. St George’s Hospital, London
26. St Mary’s Hospital, London
27. The Portland Hospital, London
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Table S2. Before and After Exclusions. 
Characteristics All index admissions to PICU  Following exclusions 
 N= 83,009 N=68,114 
Age (years), n(%) <1: 37,041 (44.6%) 
1-4: 21,576 (26.0%) 
5-10: 11,894 (14.3%) 
11-15: 10,425 (12.6%) 
>16: 2,067 (2.5%) 
Missing: 6 (<0.1%) 
<1: 28,850 (42.4%) 
1-4: 18,137 (26.6%) 
5-10: 10,224 (15.0%) 
11-15: 9,135 (13.4%) 
>16: 1,762 (2.6%) 
Missing: 6 (<0.1%) 
PIM score Mean: 0.038 (+/- 0.084) 
Median: 0.013 
Range (0.001-0.998) 
Mean: 0.040 (+/- 0.084) 
Median: 0.013 
Range (0.001-0.998) 
Ethnicity, n(%) Caucasian: 46,831(56.4%) 
Mixed: 2,325 (2.8%) 
Asian: 9,146 (11.0%) 
Black: 4,003 (4.8%) 
Other/Unknown: 20,702 (24.9%) 
Missing: 2 (<0.1%) 
Caucasian: 38,834 (57.0%) 
Mixed: 2,057 (3.0%) 
Asian: 7,834 (11.5%) 
Black: 3,302 (4.9%) 
Other/Unknown: 16,087 (23.6%) 
Missing: 0 (0.0%) 
Sex, n(%) 
 
M: 47,103 (56.7%) 
F: 35,894 (43.2%) 
Ambiguous: 10 (<0.1%) 
Missing: 2 (<0.1%) 
M: 38,700 (56.8%) 
F: 29,406 (43.2%) 
Ambiguous: 8 (<0.1%) 
Missing: 0 (0.0%) 
Length of stay (days) Mean: 6.86 (+/- 16.30) 
Median: 3 
Range: (1-912) 
Mean: 6.69 (+/- 16.68) 
Median: 3 
Range: (1-912) 
Number of days CPR 
received 
Mean: 1.30 (+/- 0.993) 
Median: 1 
Range: (1-14) 
Mean: 1.31 (+/- 1.023) 
Median: 1 
Range: (1-14) 
Day of admission on 
first episode of CPR 
First day: 798 (47.6%) 
Second day: 252 (15.0%) 
Third day or later: 561 (37.4%) 
Range: 0-191 
First day: 743 (48.6%) 
Second day: 224 (14.7%) 
Third day or later: 561 (36.7%) 
Range: 0-191 
Status at discharge, 
n(%) 
Alive:  79,919 (96.3%) 
Dead: 3,078 (3.7%) 
Missing: 12 (<0.1%) 
Alive:  65,744 (96.5%) 
Dead: 2,370 (3.5%) 
Missing: 0 (0.0%) 
Discharge for Palliative 
Care, n(%) 
Yes: 598 (0.8%) 
No: 78,962 (98.8%) 
Unknown: 359 (0.5%) 
Yes: 447 (0.7%) 
No: 64,987 (98.9%) 
Unknown: 310 (0.5%) 
Status at 30 days follow 
up, n(%) 
*If did not die in PICU 
Alive: 49,979 (62.5%) 
Dead: 836 (1.1%) 
Unknown: 25,263 (31.6%) 
Missing: 3,853 (4.8%) 
Alive:  39,289 (59.8%) 
Dead: 636 (1.0%) 
Unknown: 22,511 (34.2%) 
Missing: 3,308 (5.0%) 
CPR pre admission, 
n(%) 
Yes: 1,976 (2.4%) 
No: 77,659 (93.6%) 
Missing: 3,374 (4.1%) 
Yes: 1,549 (2.3%) 
No: 64,296 (94.4%) 
Missing: 2,269 (3.3%) 
Primary diagnosis group Haem: 782 (0.94%) 
CVS: 25,027 (30.15%) 
Met/End: 2,276 (2.74%) 
Inf: 4,118 (4.96%) 
Multisys: 268 (0.32%) 
Neuro: 8,685 (10.46%) 
Onc: 2,916 (3.51%) 
Resp: 23,416 (28.21%) 
Other: 15,521 (18.7%) 
Haem: 712 (1.05%) 
CVS: 18,981 (27.87%) 
Met/End: 1,940 (2.85%) 
Inf: 3,630 (5.33%) 
Multisys: 213 (0.31%) 
Neuro: 7,400 (10.86%) 
Onc: 2,594 (3.81%) 
Resp: 19,616 (28.8%) 
Other: 13,028 (19.13%) 
Haem: Haematology, CVS: Cardiovascular system, Met: Metabolic, End: Endocrine, Inf: Infection, Multisys: Multiple systems, Neuro: 
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